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Outline

* Recent BaBar results with multiple pions:
* Preliminary measurement of ete- - m*nn® cross-section
*arXiv:2110.00520 « Main result
* Preliminary measurements of e*e- - ntrm4n® cross-section
* arXiv:2110.00823
* First measurements of ete- - 2(mt*r)3n® cross-section
 PRD 102, 092001 (2021)

* Contribution to (g-Z)Hfrom ete -
e Conclusion
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https://arxiv.org/abs/2110.00520
https://arxiv.org/abs/2110.00823
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092001

BaBar at SLAC PEP-II; 1999 - 2008

* Asymmetric beam energies nominally colliding 3.1 GeV e* and 9.0 GeV e at (mostly) the Y(4S) resonance
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BaBar and ISR

Js = Y(4S) =10.58 GeV

e Cross-sections can be measured down to threshold.

* Measure o at all s simultaneously. do(s,x.0,) W (s.x.0,)0. (s X))
* About 10% of ISR y’s are produced in fiducial region dxdcosg, '

of the BaBar detector (30°<6,<150°). Wsx o) (2—2x+x2 _ij
* Tag event with presence of high energy ISR y 7 2z osin*g, 2
» All hadrons in the detector. x=2E /s
 Fully reconstruct the final state.
WK o S—— —— 4




e*e” — U’ contribution to a, = (g-2) /2

.. _2 g hadLo-ve a "adLlOVP error squared
* SM prediction:  a™ :%:afha +a* g " Kkntm, other |
. . . . KK=(r)
* Leading order hadronic contribution: KK 4ﬁ\ ‘\ \‘
LHAd.LO _ a’ T K(s) o,(e"e” — hadrons)(s) .
g 37° %, s Arar” | 3s

T

2 2 2 2
K(s) = 22— x2) + EXF0 o010y - x X |+ 2% ¢ log x
2 X 2 1-X

* (for details, see [1] for example)
* e*e” - T'IU contributes ~73% to a "adLO

o ete- > i’ next largest at ~7% [2]

Compilation & mbination: DHMZ, Davier 1612.027 4
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https://www.sciencedirect.com/science/article/pii/S0370157320302556
ttps://doi.org/10.1140/epjc/s10052-020-7792-2
https://doi.org/10.1103/PhysRevD.70.072004

ete” — 'Yy sk Selection

* Two good oppositely charged tracks + 3 or more y’s
* E(y,sr) >3 GeVand0.10<M °<0.17 GeV

* Select events using a kinematic fit (cut on fit quality, y?)

* Reduce backgrounds through e.g.
* Particle Identification (K/m), energy of n°, mass of it and ny,< pairs, fit to alternative
decay hypotheses (e.g. ete” — n*nnlnly), ...
* Remaining ISR and qq background subtraction:
* M;. < 1.1 GeV: use simulation, reweighted using data. Background fraction ~2%.

* M3, > 1.1 GeV: many ISR processes not simulated, so number of background events
extrapolated using data from 20 < ¢ < 40 region. Background fraction 10%-15%.
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ete” — it mass spectrum

Events/(2.5 MeV)

Fit with Vector Dominance Model (VDM) to M, distribution with detector resolution effects unfolded:
Spectrum varies by 4 orders of magnltude and has two narrow peaks (w,d)

w
=3
T

Colored lines represent different fit models. Best fit (solid/black) includes presence of p—nan
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Comparison

arXiv:2110.00520

T(w—ee)f(w—rrx°) (0.5698+0.0031+0.0082) keV

(4 —>e (0.1841+0.0021+ 0.0080) keV

e )p(p -t r n°)

WA:(0.557 +0.011) keV
WA:(0.1925 +0.0043) keV
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https://arxiv.org/abs/2110.00520

ete- — i’ cross-section: comparison with SND/CMD-2

Differences between experiments have been a source of systematic uncertainty on (g-2)lLL for some time
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CMD-2 results [5], [6]
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https://doi.org/10.1103/PhysRevD.68.052006
https://doi.org/10.1103/PhysRevD.63.072002
https://doi.org/10.1140/epjc/s10052-020-08524-4
https://doi.org/10.1016/j.physletb.2003.10.108
https://doi.org/10.1016/j.physletb.2006.09.041

ete” — T[+T['4T[O arXiv:2110.00823

* Similar selection technique to ete” — '’
* Same integrated luminosity (469 fb1)

* Many branching fractions and cross-sections measured for the first time.
Statistical uncertainty 12%-15%

TABLE I Summary of the ete™ — 7tn n%77%#? cross section measurement. The uncertainties are statistical only.

E.m (GeV) o (mb) FEew (GeV) o (nb) FEem (GeV) o (mb)  Eew (GeV) o (nb)  E.. (GeV) o (nb)

1.425 0.03 £ 0.06 2.015 1.69 £ 0.21 2.725 0.94 & 0.14 3.375 0.60 £ 0.10 4.025 0.02 & 0.06
1.475 0.17 £ 0.06 2.125 1.46 & 0.20 2,775 112 4 0.14 3.425 0.45 &+ 0.09 4.075 0.18 &£ 0.06
1.525 0.47 = 0.08 2.175 1.96 & 0.19 2.825 0.78 &£ 0.13 3.475 0.71 &£ 0.10 4.125 0.11 & 0.06
1.575 0.92 £ 0.13 2.225 1.46 + 0.19 2.875 0.99 + 0.14 3.525 0.40 £+ 0.08 4.1°75 0.18 £+ 0.06
1.625 1.92 4+ 0.18 2.275 1.44 + 0.18 2.925 1.16 + 0.14 3.575 0.41 &+ 0.08 4.225 0.10 £+ 0.05
1.675 213+ 021 2.325 111 £ 0.15 2.975 0.92 & 0.14 3.625 0.48 + 0.09 4.275 0.13 £ 0.05
1725 1.99 &+ 0.20 2.3 1.45 4 0.18 3.025 0.68 £ 0.15 3.675 0.46 & 0.09 4.325 0.21 & 0.06
1.775 1.88 + 0.20 2.425 1.60 £ 0.17 3.075 175 £ 0.17 3.725 0.32 &£ 0.10 4.375 0.13 £ 0.05
1.825 1.83 £+ 0.20 2.475 115+ 0.15 3.125 161 £ 0.16 3.775 0.24 + 0.08 4.425 0.07 £ 0.0
1.875 1.48 £+ 0.18 2.525 1.33 £ 0.16 3.175 0.75 £ 0.13 3.825 0.10 £ 0.09 4.475 0.01 &£ 0.04
1.925 1.96 £ 0.21 2.575 1.26 & 0.16 3.225 0.72 &£ 0.10 3.875 0.18 & 0.07

1.975 1.49 £ 0.20 2.625 1.30 £ 0.15 3.275 0.75 £ 0.10 3.925 0.13 & 0.06
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* Preprint also includes cross-sections for ete — w3n®, nrnn®and wn
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https://arxiv.org/abs/2110.00823

eter — 2(T[+T[—)3T[O and ete” — 2(T[+T[')2T[O M PRD 102, 092001 (2021)

* Similar selection technique again. Same integrated luminosity (469 fb1). Many
branching fractions and cross-sections measured for the first time.

nb

G(e+e'—> i),

-I I L] LI | 1 I L] L] T L] I 1 L] LI | I L] 1 L] L] I L] 1 1 L] I L] LI | 1 L
10 __ __ TABLE I: Summary of the eTe™ — 2(7r+71'_)37r0 cross section measurement. The uncertainties are statistical only.
L - Eem,GeV  o,nb  E.n,GeV  o,nb  E.n, GeV o, nb Eem,GeV o, nb Eew,GeV  o,mb
B - 1.575  0.00 £ 0.01 2175 0.84 £ 0.15 2,775 0.96 £ 0.14 3375 078012 3973 0.46 £ 0.09
(6] = 1.625  0.02+ 0.01 2.225 1.06 £+ 0.11 2.825 0.88 +£ 0.13 3.425 059+ 0.09 4.025 0.44 +0.09
[ ] 1673 0.00x 002  2.275 1.07+ 0.14 2.875 1.12 £ 013 3475 070011 4073 0421+ 0.09
B i 1725 026 £ 0.06 2325 111+ 0.12 2.925 0.88 £ 0.13 3525 067010 4125 032+ 0.07
61— L — s 0252007 2,375 114+ 0.14 2.975 1.02 £ 017 3573 073012 4173 056 £ 0.08
- - 1.825 062+ 0.09 2,425 139+ 0.16 3.025 1.49 4+ 0.20 3625 063011 4225 031008
B 1875 0824014 2475 121+ 016 3.075 1076 £ 026  3.675 153+ 015 4275 035 £ 0.06
B 7] 1925 073009 2525 1.01 £ 0.16 3.125 6.30 £ 0.26 3.725 081013 4325 023 £ 0.07
4 __ __ 1975 069+ 010 2575 0.84 + 0.14 3.175 1.44 + 0.15 377 031011 437 0424+ 0.08
B - 2025 090+£013 2626 0821011 3.225 0.90 £ 0.11 3.825 053010 4423 045 £ 0.07
- - 2075 088014 2675 1.02 £+ 0.15 3.275 0.67 £ 0.12 3.875 0294009 4473 030 £ 0.07
2 * e . = 2125 070016 2725 095+ 015 3.325 0.82 £0.12 3925 046 £ 0.09
N W 5500800 © 0 jovsn eyt ]
Om.l 1 | I [ 1 [ | | 1 [ L1 1 1 1 [ I | [ 1 1 [ 1 [ L1 1
1.5 2 25 3 350 4 45
Eom, GeV

 Paper also includes cross-sections for etfe- — w nn n’n®, nrr i n® and
n2(mtmn)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092001

e*e” — T contribution to (g-2)

M,, GeV/c? a¥ 107 ]

Ref.

0.62-1.10

42.91+0.14+0.55+0.09 <—

Differences in 31t mass scales

110-2.00 2.95+0.03+0.16 @?ﬁ
<2.00 45.86+£0.14+0.58 28
<1.80 46.21+0.40+1.40 Eur. Phys. J. C 80, 241(2020)
<1.97 46.74+0.94 Phys. Rev. D 101, 014029 (2020)
<2.00 44.32+1.48 Springer Tracts Mod. Phys. 274, 1 (2017)
Effect Uncertainty (%)
Luminosity 0.4
Radiative correction 0.5
Detection efficiency 1.1
MC statistics 0.15
Background subtraction 0.073
Gaussian smearing 0.0007
Lorentzian smearing 0.003
Unfolding procedure 0.045
Total 1.3
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between experiments.

Estimated from differences in
BaBar/SND/CMD-2 data
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Conclusion

* We have presented a number of recent measurements of the process e*e” —
hadrons + yqR -

* Cross-sections for ete” — 2(rt*r)3m°, 2(mt*m)2n n, mhdn®, and vt 3n® n have
been measured for the first time, using the ISR method with 469 fb! of data

collected by BaBar at PEP-II at SLAC [arXiv:2110.00823, PRD 102, 092001
(2021)].

e Cross-sections can be measured from threshold up to ~4.5 GeV.

* The cross-section for etfe- — 't has been measured in the center of mass
range 0.62 — 3.5 GeV. [arXiv:2110.00520].

* The leading order hadronic contribution of efe — m'ntn® to the muon
anomalous magnetic moment has been calculated as (45.86+0.14+0.58) x 1010
for M; < 2.0 GeV:

* The contribution is in agreement with existing calculations but a factor of 2 more precise.

Science and

Technology 04-Nov-21 Brookhaven Forum 2021 Fergus Wilson, RAL/STFC 12
Facilities Council



https://arxiv.org/abs/2110.00823
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.092001
https://arxiv.org/abs/2110.00520

